Constitutionally unsymmetrical dumbbells (DB9 3+ -DB11 3+ ) were also prepared in two steps by nucleophilic substitutions, followed by counterion exchange to give their PF 6 − salts. The dumbbell DB12 2+ was obtained using the Zincke reaction, followed by substitution of the 2,4-dinitrophenyl groups with 3,5-dimethylaniline. All the details describing the synthetic procedures can be found in the Supporting Information. an Ar-filled glovebox. The titration experiments were monitored after transfer of samples in the glovebox to cuvettes which were sealed to the air by UV-VIS-NIR spectroscopy at ca. 1100 nm.
UV-VIS-NIR
For the experimental details and results from these measurements, see the Supporting Information, in particular Table S1 and Figures S1-S20. The results, which are summarized in , DB11 +(•+) and DB14
•+ , respectively, were subjected to calculations. A model dumbbell DB0
•+ -1,1′-diethyl-4,4′-bipyridinium, an analogue without any termini -was also included in the calculations in order to gain a better understanding of the relationships between the different termini and ΔG binding . The superstructures of these calculated complexes are shown in Table S3 in the Supporting Information. With van der Waals (D3) and basis set superposition error (BSSE) corrections, the QM calculations have reproduced (Table 3) -which agrees well with the experimental data.
Cyclic Voltammetry (CV).
In order to gain a better understanding of the redox processes involved in the assembly and disassembly of radical complexes, CV experiments were performed. The redox processes exhibited by the dumbbells alone (e.g. Figure 6a for DB7 Figure S31 ) were performed, the three peaks are observed to merge to give one single broad peak at low scan rate (20 mV/s). A mechanism explaining the CV spectra is proposed in Figure 7 . The trisradical complex, first of all, loses one electron to form a bisradical complex, resulting in much weaker binding interactions. Under slow scan-rate conditions, we propose that the bisradical complex disassembles in solution, followed by both CBPQT +(•+) and BIPY •+ being oxidized separately, giving rise to the same broad peak. Under fast scan-rate conditions, however, the loss of a second electron is faster than the bisradical complex disassembly process. The bisradical complex has less of a tendency to lose electron compared with the trisradical complex on account of the increase in the positive charge which renders the second oxidation peak more positive than the first one. Once the complex has been oxidized back to the monoradical state, the kinetic barrier for the CBPQT 4+ ring to dethread increases significantly on account of Coulombic repulsions between PY + and the four positive charges on the CBPQT 4+ ring. Consequently, the loss of the last electron is faster than the dethreading process. The cumulated positive charges causes the oxidation processes to take place at even more positive potentials, resulting in the third oxidation peak. The proposed mechanism has been tested by digital simulation 23,30c,37 2, 140.8, 138.6, 126.8, 61.7, 61.1, 30.7, 30.4, 28.8, 28.8, 28.7, 28.4, 28.3, 25.3, 25. 7, 146.5, 145.3, 140.9, 138.8, 126.9, 60.7, 60.1, 27.0, 26.7, 17 149.0, 146.7, 146.2, 142.3, 140.6, 128.5, 127.9, 64.1, 60.5, 59.9, 25.0, 18.0, 10 2, 148.1, 145.8, 145.3, 141.4, 139.7, 138.4, 134.8, 128.6, 127.6, 126.6, 126.2, 62.7, 59.6, 59.0, 36.3, 19.9, 17 146.1, 140.1, 133.0, 132.0, 128.0, 127.5, 65.4, 20.8 5, 145.1, 138.4, 134.8, 128.6, 126.5, 126.2, 62.7, 36.3, 19. 3, 146.2, 140.5, 138.8, 128.3, 127.4, 126.6, 62.5, 32.4, 32.2, 20.9 5, 146.1, 142.1, 138.5, 128.0, 127.8, 126.7, 62.6, 35.1, 31.2, 28.0, 20.9 142.8, 138.3, 127.8, 127.7, 126.7, 62.5, 35.5, 31.3, 31.0, 25.7, 20.9 146.1, 143.1, 138.3, 127.7, 127.7, 126.7, 62.7, 35.7, 31.6, 31.4, 28.8, 26.0, 20.9 Crystallographic data (excluding structure factors) for all the structures reported in this full Gibbs free energies calculated by the following formula: 
